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Summary

Over the past gquarter, firm decisiens portaining te the hardware mekeup af
the time-shared 7090 system have bocu mnde. Based upen these decisieas, three
renote coaseles, ccmplete with a digitai pletter (for graphical eutput), type~
writer, and a graphical hand-drawva iupu device sre being cemstructed. Te cea-~
trel the pletters, a special-purpese cevputer is heiag built, Of these three
units, only the hand-drawz irput device.is still in pretotype desiga and
censtructioen stage,

Having made these hardware decisicous snd s decisien te use 2n exiating
algebraic laagusage and cempiler (MAD) for em-line symbelic input, werk cam new
go rapidly shead upor medifying this cempiler to provide increased time-shared
compatability and officiency, imcluding pletted cuiputs and hard-drawa imputs for
1.

The najor decisiens with respoct to scheduling and memary sllecatiem have
now heon msde and will be incorporsted iz the eperatiang system.

The mejor cupkasis of the preject in rew reiatively free te meve ever

more hoavily inte the end usage and sefiware prebliemns ef man-machine interactien.




3. Study Aress

&. Graghical Lasmguages

New that almest all hardware aspects of the system are ressenably well
specified, attention is being very stivorgly direcied tewards end usages, and
in particular, the classes ef computatien reguirem:nts that should be met, as
well ag the best langusge forme for speclfying and percoiviag results.

Te this end, members ef the group sre now working clesely with research
greups in network theeory, plaswe researck, nsterials resesrch, and solid state
phyrica. Ia additior, 2 nucher of theses for specific types of problems are
being undertaken te arrive at hetter langusges with prirary saphazis upear input
langusges.

The graghical lsaguages being cowsidered nsevw include hend-drawvp, twe-
dipensienz) mothematical fermulas, flow diagreus, netwerk disgrams, snd dimensioned
drawings., The mest germeral reguirvement for cutput laaguzges weuld oeem te be in
the directier ef previding versatile pleots of fumcilomas.

One 2 the mest cemmen of the desired capabilities is thet el selving and
simplifying imvelved partini and ordimary differeatial equations te ebtzia
reau&nablm apprexinatiecas.

Aueh more work Reeds to e done im this aroa and lmacreasing emphasis will

e given te it sz ethor warts heceme eporatisasl.

b. Hemory Allecatien and Scheduling
A relatively straightferward aigerithbm hss hoon develeped for the decisiea

precedures invelved im scheduling withinm the time-gharing systom belng developed.
Az Rkas been previsusly reperted, tke basic scheme fer time sharimg will
involve runniag prograss seguemtiaslly (but mot mocesserily to completien) fer
skert pavieds ef time, after whick the pregrams are sent out (via chausels) te
tewporary (dise) sterage until their turs ie tie ''viag" of ruvming pregrams
camo up agein. This schewme requires & ninimum ef memery gpace feor threo pre-
grams: One ef whieh is ruaming, the secend on the way im er eut, awrd the third
small prograr cemtrelling the If memgages smd scheduliag.
The Wasic criteria of this acheme kas beon te macimize efficieatly (defined
khere as the parcontage of total machiune time deveted te useful cemputatien),
subject te a ceustraint ef mot iaducing noticable delays at censeles. A testative
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goal for efficieacy ef abeut 95 per ceat has led to a runming time cycle of
sbout 2 gecerds on the 7050, ‘

Until receatly, ene woolved preblcn has been the questien ¢f deteraining > a
the erder im which programss sheuld fit inte the "ring” ef active ruaming pregraws.

A relatively siaple (and computaticmally fest) slgerithe fer determining
the erder has been develeped. The precadure iaveives serting the active prograns
in erder of memory size, then interspercing the small-sized pregrams in increasing
onder im between tko large-sized pregrars in decroasing erder. Based upen the ;
digtribution ef prsgram sives (excludimg cempilers) that has been determined in '
the past, this precedure sheuld praoduce the desired results.

H

c. Imnferastieu Retrieval
The guestien eof lciz term storage nesds for data smd pregrams (gource,

intermediate, amd object language) is wow undergoing seme scrutimy. Im particular,
the questiens of specifying what is to ke retrieved, what is te bo kept, and fer
hov long and in what ferm the data ere ¢o Be kepi zrc o#f impertance. Ne sitrikimg
selutiens have yet presemted themselvos, hut the preblem is capable of being
selved by simple successive "cut amd try” procedures

I1. Hardwere

8., General

The project has mew lorgely determined the mpukeup eof tke imput-eutput
consoles, and with this decisien, seftwure, »6 well as hardvare plams, are
becening firmer. The capability ei each of the iliree preseutly-plauned statieans
will imclude graphical .imput-eutput with hard cepy bypreducts, as well ag flexe-~
writers {(pumched tape, keybeard, amd typed IE).

It is mow felt that thiz get, while perheps ower in daia rate that
ultimstely desirable end relstively uaintegrated, (the graghicsl eutput sheuld
ultinately be coobined with graghieal ingat and mied for syxbelic ocutput as
well, retaimimg oxly tke koybesrd ef a “ypowriter! will be highly adequate fer
tie language, system and pregramaing develepment. In sddition, werk te impreve
thest capabilitics is coutinuing. '



b. Output, Grephicsl

A besic decision with respect te output has heen msde in settling on &
particular, lew-cest, commercislly available digital pletter, the Cslcemp 560R,
for graphical eutput at the remete cemscles. This device, which has a .01"

reselutien, and a 4'/sec. (max) plettimg rate, would seem quite adequate fer
slwest all pletting requiremeats censidered and has the sdded virtue eof previding
hard copy. Its pletting rate, while lew, is felt te be imn keepiang with the ever-
all philesephy of the time-shared system, 1.i. to heep the imput-eutput rate
consistent with a small fractien of the cemputer’'sz capacity. Altheugh research
is cemtinuing en higher data rate, hard cepy devices fer graphical eutput, it is
a® lenger s matter of urgemcy, sad ths explerstexy werk em cathode ray tube
graphical eutput amd its assecisted dats stersge for display maiuternamce kas been
slowed dewn. The muck greater cest amd extreme dita rate capability ef such
devices are new felt te be beth umneceded and unvwerranted, and in ary sveat, are
new undergeing exteasive develepmont by the cemputer manufacturers.

The digital pletter, im its preaemt ferm, resreads te siugle imcremeat
siguals in fx; Xy amd "pen up, pex dowa'', whiick it cam accept at amy rate up te
200 increment cemmands peor socemd.

Te previde buffering between these units and the 7090 cemputer, as well as
te change the sutput fermat inte strai;ht.lin segrent form (delta x, delta y,
slepe), 2 specizl-purpese computer has keon designecd zreumd a Dermeulli disc
magnetic sterage. This cemputer, which iz new helzg built, will have the
capability of storing up te 64 line segmonts fer each of twelve independent
satellite pletters, cemverting this infermatien to the ferm needed by the pletters
at their naximun piott:lng rate, and sccepting bursts ef new data as the old is
exkausted. The ploiter cam, ef ceurse, be used in place of a typewriter fer
symbelic eutput as well, but except fer very small charscters, the rate eof
pletting is semcvhat slewer.

The cemputer snd three assecigted plotiers ary expected te be en~line early
in 1862. 1In the mcantime, for experimental parpes:, a single pletter has beea
directly cemmected te the IEM 705 cemputor. i

c. Imput-Output, Typewriters
An additiensal flexewriter has becn abtained and is being cemnected via
previeusly-designed cenverters te the preosent, ixpui-eutput buffer umit.




d. Graphical, Hand-Drawa Imput

A pretetype umit for hamd-drawn input has bee:n designed and portiems
tested. This lew cest device, when cemplnted, will be capable of .01-.02"
reselutien (loss tham pencil width), as iapv“ date rate greater than 1000 peints

per secend; with twe medes of input te o zomputer: either lime seguent (erdimates,
slepe and length) or peint ceerdimate (10-bit binsvy x sund y),
Unlike 2 light pemn, the device will werk with erdinary paper amd a smedified

pencil and vill net require the use ef tho cemputer im erder te Operitén

Censideration is new being given te the desigh of a suitable, lew cest,
specisl-purpese cemputer fer deceding kaadwriting nnd buffering mamy such -
simultanesusly-used davices te the siangle cemputer.

I11. Seftware

Pregramming werk is ceatinuing in aroas relating te imput, eutput,
nedification of cempilers, and scheduliny. The woik is pregressing well, and
is being ceerdinsted with the plaaned devices for T"he 7090 cemputer,

a, Output, Graphicsl
Gomeral reutines are bving writtem o previde fer graphical eutput ia
the form of lincar, semi-leg, and leg-ley plots oo one-dimensienal results,

as well as centeur maps fer twe-dimemsisnsl queatiiies, utiliziag the digital
pletter. Coerdinate, peint, amd textual labeliing fscilities are alse being
included in these reutimes, utilizimg a specially-designed character feat.
This fent will iaclude English, Greek ancd mect of ihe mathemstical symbels, as
well as super and subscripts. '

Whea complote, these ebjact languag® reutiuez will ke capable of being
cempiled inte algebraic-language ebjoct pregraans, ttiliziug an apprepriate set
of pletting statements.

it is *rolat'ively certain that we sre, as of yct, still scratching the
surface with rqs_nct to the range of desirasble :{om'zs'ot grephical sutput, net
te montien ressenshble sets of transfermaiiems el eutputs ’



-

b. Scheduling, Memery Allecation snd Imput-Cutput Cemtrel
Outaside of small-scale simulatiens, the finzal pregramming ef these

fuxctiens has uot yet begun. The analysis ef hew they nre te be dene, hewever,

is relatively cempletes.

c. MNadificatien of Existing Cempilers - Amalysis Programmimg

The capability eof the ansiysis pregram developes by this greup te aid im
rapidly rewritiny amd reorganiziung existing compilers has beea expandeod, primarily
ter purpssos of reducing the velume of analyzed pregram output, as well as fer the
purpese of preducing flew charts of analiyzed programs en the digital pletters.
The flaw chartiag capubility is met yet cemplete,

d. Medificstien ef the "MAD" Cempiler
A bBagic decisien has been made te use the '"MAD" (Mickigam Algerithmic
Deceder) seurce lamgusge fer the primary "keybesrd input' symbelic lamguage ef

this system.

The mejor programming chasuges to be achieved upen this cempiler are the
fellewing messures, saimed at reducing memory requirements; increasiag capability,
or Aagreasing the rumaiag tine ef ebject pregrans,

1. The pregram is te be broken dewa inte nensverlappiag phases, ealy eae

of which will Lo in mewery at gny givem time,

2. The textual ferm of all diagmestic messiges will be put ea accessible,

but met interasl memery.
3. All tables sad dats resuwliting from each statoment will he put out inm

blocks en tape, rather tham sccupying memery (until sctually required).

4. Imsertions and @sletiens of statoments will be peszible witheut s
cenpleie recempilatiean.

8, The prawélt havdliug of arrayed variazbles will be medifiod fer roasems
of both speed and mininmizatien ef orrors.

6. Plettimg reutines #4li be imcluded im the sesurce language.




e. Hamdwriting Imput

Extremely fast reutines are xew being pregramucd and tested fer the use of
en-line handwrittea (discemnmescted)characters. Tke character feat te ke
recegnized, and the specific reutines for deceding will be specific fer each

separate user. The user will supply ence a cemplete sample of the characters
which he will use, and the reutines, bubd upar thelir analysis, will gemerate

s snall pregram for the analysis. The routines ar2 being designed te have a
ukh rejectien rate in the case ef uscertainty se that errers can be immediately
coTrected.




